Introduction {#S0001}
============

The high prevalence of overweight and obesity continues to be alarming, as such conditions are usually accompanied by health complications resulting from metabolic diseases, diabetes, cancer and cardiovascular disease.[@CIT0001],[@CIT0002] This situation is expected to worsen with the rampant spread of physical inactivity. However, fasting and exercise training are non-pharmacological and inexpensive ways to help manage obesity- and overweight-related complications.[@CIT0003] Many people fast for health, religious or cultural reasons.[@CIT0002] Fasting is defined as the abstinence from consuming food and/or beverages for different periods of time, which can last from several hours a day to a few weeks.[@CIT0004],[@CIT0005] There is no clear definition of when fasting begins after the last intake of food/drink.[@CIT0006] Fasting is associated with increased longevity because of its many roles in modifying human health and ageing.[@CIT0002] Moreover, this unique intervention is considered effective for the management of chronic and acute diseases in both traditional and modern healthcare systems.[@CIT0007] Fasting is a lifestyle management strategy that benefits several chronic, non-infectious diseases.[@CIT0007] Fasting and/or physical exercise is often used to investigate the regulation of intermediary metabolism.[@CIT0006] While prolonged periods of fasting harms health and physical performance, it remains unclear whether shorter or more prolonged periods of intermittent fasting are necessarily harmful.[@CIT0006]

The effect of fasting on the performance of elite athletes started to be investigated in 2007,[@CIT0008]--[@CIT0012] stimulated by the belief by many athletes and coaches that fasting negatively impacts on sports performance.[@CIT0008],[@CIT0013] Although various forms of fasting were evaluated to explore the effects on sports performance, Ramadan fasting (as prescribed by the Islamic faith) is garnering increased prominence that is largely due to its unique features.[@CIT0002],[@CIT0008] For example, interest in Ramadan-style intermittent fasting was renewed during the London 2012 Olympic Games and also the FIFA 2014 Soccer World Cup as both events were staged during the month of Ramadan.[@CIT0006],[@CIT0008],[@CIT0014] In this narrative review, we discuss the effects of a combination of physical training and fasting on body composition changes, metabolic adaptations and sport performance in untrained and trained subjects.

Literature Search Methodology {#S0002}
=============================

A literature search was conducted using four electronic databases (PubMed, ISI Web of Knowledge, Web of Science and SPORTDiscus) from inception until January 2019. The following key terms (and synonyms searched for by the MeSH database) were included and combined using the operators "AND", "OR", "NOT": "fasting"\*"body weight", "body mass", "body fat", "weight loss", "health", "training", "exercise", "endurance", "performance", "metabolism", "glucose", "lipid", "protein", "obesity", "cardiovascular disease", "caloric restriction", "diet", "restricted feeding", "Ramadan". Our search identified 6671 records. Only randomized controlled trials that examined the effects of fasting on performance and selected health indices in healthy sedentary individuals, untrained and trained subjects were eligible for inclusion. Included articles had to be written in English and published in peer-reviewed journals. In addition, the reference lists and citations (Google Scholar) of the identified studies were explored in order to detect further relevant research papers. The final screening was based on the relevance of the identified items for assessing the effect of fasting on health indices and physical capacities of sedentary people and trained subjects.

Study Selection {#S0003}
===============

The final screening done by two investigators was based on the relevance of the identified items for assessing the effect of fasting and training on health indices and physical performances of sedentary or trained people using PICO criteria ([Table 1](#T0001){ref-type="table"}). Overall, our search identified 6,671 records, from which1,261 studies were included after title and abstract screening. 71 articles were included after duplicate and risk of bias checking.

 {#S0003-S2001}

Table 1PICOS CriteriaPICO TitleDescriptionPopulationHealthy Sedentary Human, Untrained, TrainedInterventionFasting, Physical TrainingComparisonControl Intervention, No InterventionOutcomesHealth Indices, Physical PerformancesStudy DesignRandomized Controlled Trial

Quality Assessment {#S0003-S2002}
------------------

The methodological qualities of the studies were assessed by using the PEDro scale with the criteria of \>7 in a 11-point PEDro scale ([<http://www.pedro.fhs.usyd.edu.au>]{.ul}) which has been shown to have good reliability and validity. Two independent researchers assessed the quality of the studies, and in cases of disagreement, a third researcher assessed the studies and made the final decision on the quality of the studies.

Fasting {#S0003-S2003}
-------

The most frequent form of dietary restriction studied is daily caloric restriction, while other modes such as intermittent fasting is also widely practiced. However, research focusing on intermittent fasting and caloric restriction regimes is not as extensive as religious fasting.[@CIT0015] Intermittent fasting entails abstinence from food for parts of the day or the week. Energy restriction is the common factor for all the various forms of fasting, even if it is not practiced on a daily basis. Frequently practiced intermittent fasting can be classified into three categories; intermittent calorie restriction (ICR), alternate day fasting (ADF), and time restricted feeding (TRF), with each possessing varying periods of feeding and fasting.[@CIT0015]

### Intermittent Calorie Restriction {#S0003-S2003-S3001}

Intermittent calorie restriction (ICR), also known as whole-day fasting, is the simplest form of intermittent fasting and involves fasting for more than 24h two or three times a week together with *ad libitum* food intake on the other days, and separated from the next cycle by at least one week.[@CIT0016] There are two forms of intermittent fasting: 2:5 (caloric restriction for 2 days a week, and a regular diet for 5 days) or 3:4 (caloric restriction for 3 days a week, and a regular diet for 4 days). However, a number of protocols permit food consumption of about 25% (400--600 kcal/day) of total energy expenditure on fasting days.

### Alternate Day Fasting {#S0003-S2003-S3002}

As the practice of intermittent fasting is gaining widespread popularity, there is also increased promotion of alternate day fasting (ADF).[@CIT0017],[@CIT0018] The ADF program involves alternating non-fasting days where participants consume food *ad libitum* followed by fasting days where only 25% of the usual dietary intake is consumed (\~500 kcal).[@CIT0018],[@CIT0019] Of note, a number of ADF protocols do not allow any caloric intake on fast days.[@CIT0020]

### Time Restricted Feeding {#S0003-S2003-S3003}

While fasting requires abstinence from food consumption, a number of intermittent fasting protocols allow for the intake of relatively small quantities of food (\~25% of daily caloric needs) during fasting times.[@CIT0016] Time restricted feeding (TRF) involves a set number of hours of daily fasting, while feeding is permissible during the remaining hours. TRF has three variants: 16/8 (16-h fast, 8-h feeding window), 18/6 (18-h fast, 6-h feeding window), and 20/4 (20-h fast, 4-h feeding window). The rationale for TRF centers around circadian rhythms as recent work outlined the importance of chrono-nutrition, which is the interaction between meal timing and the circadian system that regulates physiology, metabolism and behavior.[@CIT0021] Fasting during the month of Ramadan is one of the five pillars of Islam and is an extensively studied example of a timed dietary approach that falls under the TRF umbrella.[@CIT0007] Ramadan is the ninth month of the Islamic lunar calendar and daily abstinence from food and fluid intake occurs from dawn to sunset for the duration of this month.[@CIT0019] The duration of the fasting period is significantly influenced by the geographical location and season, and commonly lasts from 10 to 18h.[@CIT0019]

The main differences between these protocols are the severity of caloric restriction, the abstinence from food/beverages per day and the frequency of caloric restriction per week. For ADF, an individual alternates *ad libitum* feeding days with fasting days, which typically consist of one meal consumed at lunchtime that contains approximately 25% of the baseline caloric needs for the individual. For most TRF protocols, a person fasts for a number of hours (16--20 h) and feeding occurs during the remaining hours (4--8 h) in a day. Whole day fasting protocols involve complete fasting or severe caloric restriction for one or two non-consecutive days per week.[@CIT0015]

Acute Effects of Fasting {#S0003-S2004}
------------------------

While fasting is associated with a coordinated set of metabolic changes designed to conserve carbohydrates and increase the reliance on fat as a substrate for energy supply, there is also a decline in cognitive behavior.[@CIT0022] There are marked metabolic changes that occur while fasting. Glucose levels are elevated during and about 6 h after eating but remain low for the remaining 16 h until the next meal. The rate of blood glucose utilization by tissues is \~ 2 mg/kg/min in the post-absorptive state. A modest reduction in serum glucose levels can occur within a few hours of fasting (fasting glucose levels of 3.3 and 3.9 mmol/L; normal range 3.5--5.5 mmol/L), likely due to attenuated hepatic glycogen synthesis and glycolysis. Such modifications occur due to decreased insulin concentrations and also increased glucagon levels together with enhanced sympathetic activity.[@CIT0023] During the fasting window the systemic levels of free fatty acids (FFA) and ketones are increased together with an activation of gluconeogenesis (from amino acids, glycerol and ketone bodies).[@CIT0006] Fasting also attenuates circulating insulin and insulin-like growth factor-1 levels and raises circulating glucagon levels due to hepatic gluconeogenesis. In fasting conditions, FFA and ketones are the main sources of energy for cells and this transition is called intermittent metabolic switching or the glucose-ketone (G-to-K) switchover. Inverse switching, i.e., ketone-glucose (K-to-G) occurs after eating a meal.[@CIT0006] By contrast, starvation (short term) increases levels of acylcarnitine species and the oxidized amino acid dimer cystine, and decreases plasma tryptophan, choline phosphate, hippuric acid and glycerophosphocholine levels. Moreover, although protein metabolism constitutes a relatively minor contribution to energy supply with normal feeding, its proportion markedly increases with severe calorie restriction. A decline in cognitive function during fasting may be due to decreased blood glucose levels.[@CIT0019],[@CIT0022]

Chronic Effects of Fasting {#S0003-S2005}
--------------------------

### Fasting Protocols and Body Composition {#S0003-S2005-S3001}

Details of fasting studies are summarized in [Tables 2](#T0002){ref-type="table"}--[5](#T0005){ref-type="table"} according to the various categories used. The findings from six ICR studies are summarized in [Table 2](#T0002){ref-type="table"}, and represents a combination of intermittent fasting and caloric restriction (hypocaloric diet), or modified fasting that allows for a small quantity of food intake even on fasting days. There were significant decreases in body weight,[@CIT0024],[@CIT0025] and body fat,[@CIT0026],[@CIT0027] with the exception of the study by Fitzgerald et al (2018).[@CIT0028] Such variability in ICR was likely due to a number of factors: not all subjects in ICR studies fast the same number of days per week, as some fasted one day per week,[@CIT0026] while others fasted for 2 days that were either consecutive,[@CIT0028] or nonconsecutive.[@CIT0024],[@CIT0025] The data generated thus did not suggest which of these ICR protocols elicited the greatest impact. Additional confounding factors included age, weight and gender, as ICR studies generally included middle-aged or older adults.[@CIT0015]Table 2Intermittent Caloric Restriction and Body CompositionAuthorStudy PopulationStudy DesignMain FindingsSchübel et al (2018)[@CIT0029]150 overweight and obese (50% Males -- 50% Females): - CCR, n=49\
- ICR, n=49\
- CG, n=52. Age: 35 to 65 years.BMI: 25 to 40 kg/m^2^.→ICR: 5 days without energy restriction and 2days with 75% ↓ in energy needs\
→ CCR: 20% daily ↓ in energy needs\
→CG: NC in calorie intake\
(12 weeks intervention phase((12 weeks maintenance phase)) 26 weeks follow-up phase).Body weight during intervention phase:\
↓ ICR: 7.1%±0.7% (P\<0.001)\
↓CCR: 5.2%±0.6% (P=0.053).\
↓ CG:3.3%±0.6% (NS)\
At the final follow-up assessment (week 50), weight loss was\
↓ ICR: 5.2%±1.2% (P=0.01)\
↓ CCR: 4.9%±1.1% (P=0.89)\
↓ CG:1.7% ± 0.8% (NS)Fitzgerald et al (2018)[@CIT0028]31 subjects with multiple sclerosis(7 Males - 24 Females):\
- DCR, n=11\
-ICR, n=11\
-CG, n=9. Age: 18 to 50 years.BMI: 23 to 29.9 kg/m^2^.For 8 weeks:\
→DCR: 22% daily ↓ in energy needs\
→ ICR:75% ↓ in energy needs for2 days/week and 0% ↓for 5 days/week\
→CG:NC in energy needs.NS weight changes in the ICR groupTeng et al (2013)[@CIT0025]56 Men:\
- FCR, n=28\
- CG, n=28. Age: 50 to 70 years.BMI: 23 to 29.9 kg/m^2^.For 12 weeks:\
→ FCR: 300--500 kcal/d↓ in caloric intake (For 2 non-consecutive days per week).\
→CG: NC in energy needsA significant interaction effect in\
→Body weight (P\<0.001)\
→BMI (P\<0.01)\
→Fat percentage (P\<0.001)\
→Fat mass (P\<0.05).\
All these variables ↓ in the FCR groupHussin et al (2013)[@CIT0024]32 healthy males:\
- FCR, n=16\
- CG, n=16 Age: 59.7±6.3 yearsBMI: 26.7 ± 2.2 kg/m^2^For 12 weeks:\
→ FCR: 300--500 kcal/d ↓ in caloric intake (For 2 non-consecutive days per week).\
→CG: NC in energy needsIn FCR group:\
↓ Body weight: −3.8% (74.2 ± 7.8 kg to 71.4 ± 7.2 kg) (P=0.000)\
↓BMI: −3.7% (26.7 ± 1.8 to 71.4 ± 7.2) (P=0.043)\
↓Percent body fat: −5.7% (26.4 ± 2.4% to 24.9 ± 2.5%) (P=0.001).Klempel et al (2012)[@CIT0026]54 obese women:\
- IFCR-L, n= 28\
- IFCR-F, n=26 Age: 35 to 65 yearsBMI: 30 to 39.9 kg/m^2^For 8 weeks:\
→6 days each week anisocaloric diet with a 30% energy restriction\
→24 hFasting (120 kcal intakes from juice powder).↓Body weight(P=0.04):\
IFCR-L group (3.9 ± 1.4 kg) versus IFCR-F group (2.5 ± 0.6 kg).\
↓Fat mass (P\<0.0001):\
IFCR-L (2.8 ± 1.2 kg) versus IFCR-F (1.9 ± 0.7 kg).Teng et al (2011)[@CIT0027]25 healthy men:\
-FCR, n=12\
-CG (n=13) Age: 58.8±5.1 yearsBMI: 23.0 to 29.9kg/m^2^A three-month clinical trial on CR (↓ of 300 to 500 kcal/day) combined with two non-consecutive days/week of fasting (FCR)In the FCR\
↓Body weight: −3.14% (71.6 ± 6.0 to 69.3 ± 6.0 kg) (P\<0.001)\
↓Body fat: −6.35% (26.4 ± 3.9 to 25.3 ± 3.8 kg) (P\<0.05)\
↓Fat-free mass: −0.9% (P\<0.05)[^2] Table 3Effect of Alternate Day Fasting on Body CompositionAuthorStudy PopulationStudy DesignMain FindingsOh et al (2018)[@CIT0030]45 overweight and obese (26 Females −19 Males):\
-ADCR, n=13\
-Exercise, n=10\
-Exercise + ADCR, n*=*12)\
-CG, n=10 Age: 18 to 64 years.BMI: \> 23.0 kg/m^2^.For 8 weeks\
Exercise-ADCR and ADCR groups:\
→ 3 Alternately fasted days (25% of daily energy intake, food consumed between 12 pm and 2 pm)\
→ 4 Feed days (ad libitum)In ADCR group a significant reduction in:\
↓ Body weight:-2.4 ± 3.1 kg (*p*\<0.05)\
↓ BMI: −0.9 ± 1.3 kg/m^2^ (*p*\<0.05)\
↓ Waist circumference: −2.2 ± 3.6 cm (*p*\<0.05)\
↓ Percent of body fat: −1.3 ± 2.4% (*p*\<0.05).Trepanowski et al (2017, 2018)[@CIT0018],[@CIT0031]100 obese adults (86 Females- 14 Males):\
- ADF, n=34\
- CR, n=35\
- CG, n=31 Age: 18 to 64 yearsBMI: ± 34For 1 year (6-month weight-loss + 6-month weight-maintenance):\
→ADF: 25% of energy needs on fast days; 125% of energy needs on alternating "fast days"\
→CR: 75% of energy needs every day\
→CG: no-intervention↓ Fat free mass/total mass in both ADF (0.03 ± 0.00) and CR (0.03 ± 0.01) compared to the control group (P\<0.01).\
NS differences between the intervention groups.Catenacci et al (2016)[@CIT0036]26 adults with obesity (19 Females- 6 Males):\
-ADF, n=14\
-CR, n=12 Age: 18--55 years.BMI ≥30 kg/m^2^.For 8 weeks\
→ ADF: alternate between fasting days (zero-calorie) and ad libitum feeding days.\
→ CR: ↓−400 kcal/dayNS differences in Weight and Body composition between ADF and CR groups.\
In ADF group:\
↓ Body weight: 94.8 ± 4.4 to 86.5 ± 4.4 kg (*p* \< 0.001).\
↓ BMI: 35.8 ± 1.4 to 33.6 ± 1.4 kg/m^2^ (*p*\<0.001).\
↓ Fat mass: 37.3 ± 2.6 to 33.9 ± 2.5 Kg (*p*\<0.001).\
↑ Lean mass: 35.2 ± 2.8 to 50 ± 2.7 kg (*p*\<0.001).Varady et al (2013)[@CIT0035]32 normal-weight and overweight (22 Females- 8 Males):\
- ADF, n=15\
-CG, n=15 Age: 35 to 65 yearsBMI: 20 to 29.9 kg/m^2^For 12 weeks\
→ADF group alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.↓ Body weight −5.2 ± 0.9 kg (P\<0.001)\
↓ Body fat −3.6 ± 0.7 kg (P\<0.001)\
NC in fat free massKlempel et al (2013)[@CIT0039]32 obese women:\
-ADF-HF, n=17-ADF-LF, n=18 Age: 25--65 years.BMI: 30 to 39.9 kg/m^2^For 8 weeks\
Alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.\
The two diets:\
→ADF--HF (45% fat, 40% carbohydrate and 15% protein), →ADF--LF (25% fat, 60% carbohydrate and 15% protein).↓ Body weight (P\<0.0001) −4.3±1.0 kg in the ADF--HF and −3.7±0.7 kg in ADF--LF group.\
↓ Fat mass (P\<0.0001) −5.4±1.5 kg and −4.2±0.6 kg in the ADF--HF and ADF--LF groups respectively.\
NC in Fat free mass (ADF--HF: 1.1±1.3 kg; ADF--LF: 0.5±0.7 kg).Bhutani et al (2013)[@CIT0032]83 obese (80 Females - 3 Males)\
-E-ADF, *n* = 18\
-ADF, *n* = 25\
-Exercise, *n* = 24\
-CG, n = 16 Age: 25 to 65 yearsBMI: 30 to 39.9 kg/m^2^For 12 weeks\
→ADF and E-ADF groups alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.In ADF:\
↓Body weight: 94 ± 3 to 91 ± 3 kg (*p*\<0.001).\
↓BMI: 35±1 to 34±1 kg/m^2^ (*p*\<0.001).\
↓Waist circumference: 100 ± 2 to 95 ± 2 cm (*p* \< 0.001).\
↓Fat mass: 43 ± 2 to 41 ± 2 kg (*p*=0.008).\
↓Fat free mass: 51 ± 2 to 50 ± 2 kg (p=0.03).Eshghinia & Mohammadzadeh (2013)[@CIT0033]15 overweight and obese women. Age: 33.46 ± 5.9 years.BMI: 33.16 ± 5.02 kg/m^2^.For 6 weeks,\
On 3 weekly fasting days; Saturday, Monday, and Thursday (25%-- 30% of energy needs)\
On 4 feeding days (1700--1800 kcal/d)↓Body weight: 84.3 ± 11.4 to 78.3 ± 10.2 kg (P\<0.001).\
↓BMI: 33.16 ± 5.02 to 30.72 ± 4.62 kg/M^2^ (P\<0.001).\
↓Fat mass: 45.82 ± 4.16 to 42.98 ± 4.01% (P\<0.001).Varady et al (2011)[@CIT0040]59 overweight and obese (50 Females- 9 Males):\
ADF, n=13\
CR, n=12\
Exercise, n=12\
Control, n=12 Age: 35 to 65 yearsBMI: 25 to 39.9 kg/m^2^For 12 weeks:\
ADF and E-ADF groups alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.↓ Body weight (P\<0.001) in:\
ADF: −5.2 ± 1.1%\
CR: −5.0 ± 1.4%\
EX: −5.1 ± 0.9%Varady et al (2009)[@CIT0034]60 obese (12 Females, 4 Males) Age: 35--65 years.BMI: 30 to 39.9 kg/m^2^.For 8 weeks:\
Alteration between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.↓ weight −5.6 ± 1.0 kg (P\<0.001)\
↓ Body fat-5.4 ± 0.8 kg (P\<0.01)[^3] Table 4Effect of Time Restricted Feeding on Body CompositionAuthorStudy PopulationStudy DesignMain FindingsMoro et al (2016)[@CIT0042]34 resistance-trained males:\
-TRF, n= 17\
-ND, n= 17 Age: 29.21 ± 3.8 yearsWeight: 84.6 ± 6.2 kgFor 8 weeks:\
→TRF: 100% of their energy needs in an 8-h each day → three meals at 1 p.m., 4 p.m., and 8 p.m. and fasting period = 16h\
(2826 ± 412.3 kcal/day, carbohydrates 53.2 ± 1.4%, fat 24.7 ± 3.1%, protein 22.1 ± 2.6%)\
→ND: 100% of their energy needs three meals consumed at 8 a.m., 1 p.m., and 8 p.m. (3007 ± 444.7 kcal/day, carbohydrates 54.7 ± 2.2%, fat 23.9 ± 3.5 %, protein 21.4 ± 1.8).↓Fat mass (−16.4% TRF versus −2.8% ND) (p=0.0448).\
NC in Free fat mass.Le Cheminant et al (2013)[@CIT0041]29 healthy men Age: 20.9±2.5 yearsBMI: 24.4±4.5 kg/m^2^→For 2 weeks: Night eating restriction intervention (elimination of energy intake from 19.00 to 06.00 hrs)\
→For 2 weeks: control condition, counterbalanced and separated by a 1-week washout period.↓ Body weight −1% (P\<0.05).Soeters et al (2009)[@CIT0045]8 lean healthy men:\
-IF, n=8\
-Standard diet, n=8\
Age: 20 to30 years\
BMI: 18.2 to 24.7 kg/m^2^For 2 weeks 4h TRF every other dayNS changesStote et al (2007)[@CIT0043]69 healthy (14 Females −7 Males) Age: 40--50 yearsBMI: 18 to 25 kg/m^2^Two 8 Weeks treatment periods: all of the calories needed for weight maintenance in either 3 meals/d or 1 meal/d.After 1 meal/d\
↓Body weight −1.4 kg (p\<0.05)\
↓Body fat mass −2.1 kg, (P\<0.05)\
NS differences in fat-free mass and total body water.\
NS change after 3 meals/dHalberg et al (2005)[@CIT0044]8 healthy men Age: 25.0 0.1 yearsBMI 25.7 0.4 kg/m^2^For 14 day 4h TRF every other day. Each fasting period (22:00 to18:00 h the following day).NS changes[^4] Table 5Effects of Ramadan Fasting on Body CompositionAuthorsStudy PopulationMain FindingsAlsubheen et al (2017)[@CIT0047]17 healthy males:\
→FG: n=9, Age: 32.2 ± 7.8 years\
→NFG: n=8, Age: 35 ± 9.4years.↓ Body mass and adiposity (P\< 0.05)\
NC in lean massNugraha et al (2017)[@CIT0051]50 healthy males:\
→FG: n=25, Age: 26.12 ± 0.98 years\
→NFG: n=25, Age: 26.2 ± 0.98 years↓Body weight (p\<0.001)\
↓Body mass index (p\<0.001)\
↓Skeletal muscle mass (p\<0.01)\
↓ Fat free mass (p\<0.01)Aliasghari et al (2017)[@CIT0037]83 patients with NAFLD (57 Males -- 26 Females):\
→FG: n=42, Age: 37.59 ± 7.06 years\
→NFG: n=41, Age: 35.8 ± 7.33 years.↓Body weight, ↓BMI, ↓Waist and hip circumferences, ↓Waist-to-hip ratio (P\<0.001)\
↓Body fat percentage in males (P=0.31) and female (P=0.4)Latiri et al (2016)[@CIT0049]29 healthy males Age: 27 ± 1 yearsNS effect on weight (*P=*0.98) or BMI (*P* =0 0.97)Sezen et al (2016)[@CIT0052]70 healthy men Age: 37±7 years↓BMI, ↓Waist-Hip ratio, ↓Body water rate, ↓Body fat mass, and ↓Visceral fat mass (p\<0.05 each)Gnanou et al (2015)[@CIT0053]20 healthy men\
Age: 19--23 years.↓ Body weight (2.4%, *p* \< 0.001)\
↓ Body mass index (5.5%, *p* \< 0.01)Hammouda et al (2014)[@CIT0054]12 males, professional soccer players\
Age 17.52 ± 0.2 years↓Body mass (P\<0.001)\
↓Fat mass (P\<0.01)Hammouda et al (2013)[@CIT0055]15 males, professional soccer players\
Age: 17.3 ± 0.3 years↓Body mass (P\< 0.05)\
↓ Fat mass (P\<0.05).Bouhlel et al (2013)[@CIT0056]20 trained men:\
→FG, n=10\
→NFG, n=10\
Age: 21.8 ± 1.9 years↓Body weight (*P* \< 0.001)\
↓BMI *(p \< *0.01)\
↓Fat mass percentage (P\<0.03).Zarrouk et al (2013)[@CIT0057]8 trained males karate players\
Age: 17.2± 0.5 yearsNCMirzaei et al (2012)[@CIT0058]14 males collegiate wrestlers\
Age: 20.12±2.5 years↓ Body mass (P=0.001)\
↓Fat free mass (P=0.019)\
↓Fat percentage (P=0.001)Racinais et al (2012)[@CIT0038]11 males\
Age: 31 ± 3 yearsNCKacimi et al (2012)[@CIT0059]50 healthy subjects (21 Males aged: 18--49 years and 29 females aged: 18--51 years)↓ Body weight (P\<0.01)\
↓BMI (P\<0.01)\
↓ body fat percentage (P\<0.01)Trabelsi et al (2011)[@CIT0060]18 active men\
→FG; n=10, Age: 26.6 years\
→NFG; n=8, Age: 27.2 years↓Body weight −1.9% (*P*\<0.001)\
↓Body fat percentage −6.2% (*P*=0.003)\
In NFG:\
↑Body weight +2.2% (*P*\<0.001)\
↑ Body fat percentage +10.2% (*P*=0.001)Güvenç (2011)[@CIT0061]16 male soccer players (Age: 17.4±1.2 years)NS changes in body mass, percentage of body fat, fat-free mass\
↓Skinfold thicknesses (p\<0.05).Asl (2011)[@CIT0046]15 male athletes\
Age: 20--25 years↓Body weight, ↓BMI, ↓Free fat mass and ↓Body fat (P \< 0.05).Lotfi et al (2010)[@CIT0062]9 male resistance athletes\
Age: 23 ± 3 yearsNS changesChennaoui et al (2009)[@CIT0063]8 male middle-distance athletes\
Age: 25.0 ± 1.3 yearsNS changesChaouachi et al (2008)[@CIT0064]15 male elite judo athletes\
Age: 18 ± 1 years↓ Body mass (P\<0.001)\
↓BMI (P\<0.001)\
↓Body fat (%) (P\<0.05)\
↓ Fat mass (P\<0.05)\
NS modification in Fat free mass.Meckel et al (2008)[@CIT0011]19 male soccer players\
Age: 14--16 years↓sum of skinfolds (P\<0.05).\
NS change in body weight.Aksungar et al (2007)[@CIT0065]68 healthy males:\
→FG, n=40, Age: 20--39 years\
→NFG, n=28, Age: 20--40yearsNS changesAl-Hourani & Atoum (2007)[@CIT0066]57 students women↓Body mass, ↓Body fat, ↓muscle mass, ↓body water, ↓BMI (P\<0.05 each).Karli et al (2007)[@CIT0009]10 male elite power athletes (2 wrestlers, 7 sprinters and 1 thrower)\
Age: 20--24 yearsNS changesBouhlel et al (2006)[@CIT0067]9 trained men\
(Age: 19±2 years).↓Body mass, ↓BMI, ↓Fat mass, ↓% Lean mass (P\<0.01 each).\
NS change in hip and waist circumferences.Lamine et al (2006)[@CIT0068]9 males, 21 femalesNCYucel et al (2007)[@CIT0069]21 males, 17 females\
Age 20--45years.NCRamadan (2002)[@CIT0070]16 sedentary adult maleNS changesRamadan et al (1999)[@CIT0071]13 healthy adult men.NS changes[^5]

The data in [Table 4](#T0004){ref-type="table"} show that body weight,[@CIT0030],[@CIT0031] fat mass,[@CIT0032],[@CIT0033] and also fat free mass,[@CIT0032] are significantly lowered by ADF. Moreover, ADF-mediated weight loss occurred in obese and overweight individuals,[@CIT0030],[@CIT0034] and also in normal-weight persons.[@CIT0035] Variations in results may be related to differences in study design, duration of fasting, subject characteristics, as well as differences in weight (normal weight, overweight, obese), age, and gender. Older adults, obese individuals and women can experience a greater reduction in weight and loss of percentage fat body after fasting. In addition, some studies allowed no caloric intake on fasting days,[@CIT0036] while others allowed for reductions in caloric intake by up to 70--75%.[@CIT0037],[@CIT0038] Regulating macronutrient intake and adherence to dietary instructions can also influence study outcomes. Another factor to consider was that the majority of ADF studies were completed in animals,[@CIT0037],[@CIT0038] likely due to the difficulty in controlling all parameters within humans.[@CIT0021]

The outcomes of TRF studies in humans are shown in [Table 4](#T0004){ref-type="table"}, which does not contain data from religious fasting. The results vary from significant decreases in body weight and fat mass,[@CIT0041]--[@CIT0043] to no significant changes.[@CIT0044],[@CIT0045] There are a number of reasons for such differences as fasting periods lasted either for two[@CIT0046] or eight weeks,[@CIT0042],[@CIT0043] with variations in the number of fasting hours, participant weights (normal weight, overweight, obese), age, gender and also caloric intake.

Several studies reported decreases in body weight with fasting during Ramadan[@CIT0047] ([Table 5](#T0005){ref-type="table"}). A systematic review of 35 studies[@CIT0048] reported that Ramadan fasting produced a fairly small but significant weight loss (−1.24 kg; 95% confidence interval:)- 1.60, - 0.88 kg() in both sexes, with most of the weight loss then restored within a few weeks after Ramadan.[@CIT0049] However, others failed to observe significant changes in body weight during Ramadan,[@CIT0049] while some even described weight gain during this period[@CIT0049] ([Table 5](#T0005){ref-type="table"}); these inconsistencies may be due to varied eating routines, socioeconomic status, differences in the number of fasting hours, ethnicity, gender, and the health status and the medical history of participants.[@CIT0037],[@CIT0048],[@CIT0050]

### Fasting Protocols and Metabolic Adaptations {#S0003-S2005-S3002}

It is clear that that intermittent fasting, especially in the case of Ramadan fasting, benefits lipid metabolism in healthy subjects,[@CIT0072]--[@CIT0074] as was also the case for other TRF protocols. Changes in protein, lipid and glucose metabolism and associated hormonal responses were studied during Ramadan fasting (see [Table 6](#T0006){ref-type="table"}). Fasting attenuates serum low-density lipoprotein-cholesterol (LDL-C), total cholesterol (TC), triglycerides (TG), while increasing high-density lipoprotein-cholesterol (HDL-C) levels.[@CIT0054] Other studies reported little or no changes in TC[@CIT0047] or TG[@CIT0075] after Ramadan fasting, or in HDL-C and LDL-C levels following an ADF protocol.[@CIT0035] For example, Beltaifa et al (2002)[@CIT0076] reported no changes in plasma lipids after Ramadan fasting, while Shephard (2013)[@CIT0077] found decreased HDL-C and increased LDL-C and TG levels. A meta-analysis by Kul et al (2014)[@CIT0078] showed that Ramadan fasting decreased LDL-C levels, but did not change HDL-C and TG levels. Furthermore, two studies related to ICR and Ramadan fasting found no changes in lipid metabolism in obese and overweight subjects.[@CIT0029],[@CIT0037] However, this was not the case for ADF where some changes were measured.[@CIT0018],[@CIT0032],[@CIT0040]Table 6Effect of Fasting on Metabolic Adaptations in Trained and Untrained SubjectsAuthorStudy PopulationStudy DesignMain FindingsLipid MetabolismGlucose MetabolismProtein MetabolismSchübel et al (2018)[@CIT0029]150 overweight and obese (50% Male -- 50% female) - CCR, n=49\
- ICR, n=49\
- CG, n=52. Age: 35 to 65 years.BMI: 25 to 40 kg/m^2^.→ICR: 5 days without energy restriction and 2days with 75% ↓ in energy needs→ CCR: 20% daily ↓ in energy needs\
→CG: NC in calorie intake\
(12 weeks intervention phase) (12 weeks maintenance phase) (26 weeks follow-up phase).NS change↓ The glucose for CCR compared with ICR (P\< 0.01) (at week 12).\
NS difference between 3 groups (at week s 24--50)NMOh et al (2018)[@CIT0030]45 overweight and obese (26 Females- 19 Males):\
-ADCR, n*=*13\
-Exercise, n*=*10\
-Exercise + ADCR, n=12)\
-CG, n=10 Age: 18 to 64 years.BMI: \> 23.0 kg/m^2^.For 8 weeks\
Exercise-ADCR and ADCR groups:\
→ 3 Alternately fasted days (25% of daily energy intake, food consumed between 12 pm and 2 pm)\
→ 4 Feed days (ad libitum)In ADCR group NS changesIn ADCR group NS changesNMTrepanowski et al (2017)[@CIT0018]100 obese adults (86 Females- 14 Males):\
- ADF, n=34\
- CR, n=35\
- CG, n=31 Age: 18 to 64 yearsBMI: ± 34For 1 year (6-month weight-loss + 6-month weight-maintenance):\
→ADF: 25% of energy needs on fast days; 125% of energy needs on alternating "feast days"\
→CR: 75% of energy needs every day\
→CG: no-interventionNS change in TC and TG.\
Just At month 6, ↑ HDL-C in ADF versus the daily CR (P\<0.05)\
Just at month 12, ↑ LDL-C in the ADF group (P\<0.05)NS changes.NMAliasghari et al (2017)[@CIT0037]83 patients with NAFLD (57 Males -- 26 Females):\
-FG: n=42, Age: 37.59 ± 7.06 years\
-NFG: n=41, Age: 35.8 ± 7.33 years.Ramadan fastingNS changes↓ Fasting blood glucose (P\<0.01)NMAlsubheen et al (2017)[@CIT0047]17 healthy males:\
-FG: n=9, Age: 32.2 ± 7.8 years\
-NFG: n=8, Age: 35 ± 9.4years.Ramadan fastingNS change in TCNS changesNMBak et al (2016)[@CIT0079]18 healthy males\
-Lean, n=9, BMI:19 to 23 kg/m^2^\
-Obese, n=9, BMI: 32 to 40 kg/m^2^Age: 20 to 35 yearsExamination on two occasions separated by a minimum of 21 days: 1) after an overnight fast of 12 h\
2) after 72 h of fasting.In obese: ↑ whole body lipolysis↓ in glucose for both groups (P \< 0.01)Obese:↓ urea and amino acid fluxes both in the basal and 72-h fasted state.\
↓ forearm muscle protein breakdown per 100 mL of forearm tissue, differences that persisted after 72 h of fastingSyam et al (2016)[@CIT0080]43 volunteers (7 Males- 36 Females) Age: 34.19 ± 11.25 yearsBMI: 23.71 ± 3.96 kg/m^2^Ramadan fastingNMNMNS change in Protein body mass (−0.049 ± 0.170 kg, P=0.561)Moro et al (2016)[@CIT0042]34 resistance-trained males:\
-TRF, n= 17\
-ND, n= 17 Age: 29.21 ± 3.8 yearsWeight: 84.6 ± 6.2 kgFor 8 weeks:\
→TRF: 100% of their energy needs in an 8-h each day → three meals at 1 p.m., 4 p.m., and 8 p.m. and fasting period = 16h\
(2826 ± 412.3 kcal/day, carbohydrates 53.2 ± 1.4%, fat 24.7 ± 3.1%, protein 22.1 ± 2.6%)\
→ND: 100% of their energy needs three meals consumed at 8 a.m., 1 p.m., and 8 p.m. (3007 ± 444.7 kcal/day, carbohydrates 54.7 ± 2.2%, fat 23.9 ± 3.5%, protein 21.4 ± 1.8).In TRF:\
↓ HDL-C (45.11 ± 5.89 to 58.06 ± 6.11 mg/dl) (p=0.014)\
↓TG (54.11 ± 15.12 to 115.23 ± 11.77 mg/dl) (p=0.0052).\
NS changes in TC and LDL-C.In TRF:\
↓Glucose (96.64 ± 85.92 to 85.92± 7.13 mg/dl) (p=0.0011)NMGnanou et al (2015)[@CIT0053]20 healthy men\
Age: 19--23 years.Ramadan fastingNM↓ Blood glucose (p\< 0.01)NMVarady et al (2013)[@CIT0035]32 normal-weight and overweight (22 Females- 8 Males):\
- ADF, n= 15\
-CG, n=15 Age: 35 to 65 yearsBMI between 20 and 29.9 kg/m^2^For 12 weeks\
→ADF group alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.In ADF group:\
↓Triacylglycerol (20 ± 8%, P \< 0.05)\
↑ LDL particle size (4 ± 1 Å, P \< 0.01)\
NC in LDL-C, HDL-CNMNMBhutani et al (2013)[@CIT0032]83 obese (80 Females - 3 Males)\
-E-ADF, n=18\
-ADF, n=25\
-Exercise, n=24\
-CG, n=16 Age: 25 to 65 yearsBMI: 30 to 39.9 kg/m^2^For 12 weeks\
→ADF and E-ADF groups alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.↓ TC (p =0.053).\
NS change in TG, HDL-C, LDL-C.NS change in blood glucoseNC in C-reactive protein.Eshghinia & Mohammadzadeh (2013)[@CIT0033]15 overweight and obese women. Age: 33.46 ± 5.9 years.BMI: 33.16 ± 5.02 kg/m^2^.For 6 weeks,\
On 3 weekly fasting days; Saturday, Monday, and Thursday (25%-- 30% of energy needs)\
On 4 feeding days (1700--1800 kcal/d)NS changesNMNMTeng et al (2013)[@CIT0025]56 Men:\
- FCR, n=28\
- CG, n=28. Age: 50 to 70 years.BMI: 23 to 29.9 kg/m^2^.For 12 weeks:\
→ FCR: 300--500 kcal/d ↓ in caloric intake (For 2 non-consecutive days per week).\
→CG: NC in energy needsA significant interaction effect in →TC (p\<0.001)\
→LDL-C (p\<0.05)\
→ (TC)/HDL (P\<0.05)\
NS effect in HDL and TGNS changeNMKlempel et al (2013)[@CIT0039]32 obese women:\
-ADF-HF, n=17-ADF-LF, n=18 Age: 25--65 years.BMI between 30 and 39.9 kg/m.[@CIT0002]For 8 weeks\
Alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.\
The two diets:\
→ADF--HF (45% fat, 40% carbohydrate and 15% protein), →ADF--LF (25% fat, 60% carbohydrate and 15% protein).↓ TC: 13 ± 2 and 16 ± 2% (P\<0.0001) in the ADF--HF and ADF--LF.\
↓ LDL-C: 18 ± 5 and 25 ± 3% (P\<0.0001) in the ADF--HF and ADF--LF.\
↓ TG: 14 ± 5 and 14 ± 4% (P\<0.001) in the ADF--HF and ADF--LF.\
NC in HDL-C in either group.NMNMMirzaei et al (2012)[@CIT0058]14 male collegiate wrestlers\
(Age: 20.12±2.5 years).Ramadan fasting↓TC (P=0.011)\
↓ LDL-C (P=0.001).\
↑ HDL-C (P=0.045).↓ Blood glucose (p=0.001).NMShehab et al (2012)[@CIT0075]65 subjects\
-42 Males (BMI: 28.1±4.4 kg/m^2^)\
- 18 Females (BMI: 27.2 ±5.5 kg/m^2^). Age: 38.7±10.5 yearsRamadan fasting↑HDL-C (P\<0.001)\
↓LDL-C (P\< 0.001)\
NS change in TC and TGNMNMNematy et al (2012)[@CIT0074]Volunteers including\
- 38 Males (Age: 29--70 years)\
- 44 Females (Age: 54.0 ± 10 years)Ramadan fasting↓TC(*P* = 0.02)\
↓TG (*P \<*0.001)\
↓VLDL-C (*P \<*0.001)\
↓ LDL-C (*P \<*0.001)\
↓TC/HDL (*P \<*0.001)\
↓LDL/HDL ratio (*P \<*0.001)\
↑HDL-C (*P \<*0.001)NS modification.NMVarady et al (2011)[@CIT0040]59 overweight and obese (50 Females- 9 Males):\
ADF, n=13\
CR, n=12\
Exercise, n=12\
Control, n=12 Age: 35 to 65 yearsBMI: 25 to 39.9 kg/m^2^For 12 weeks:\
ADF and E-ADF groups alternated between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.In ADF:\
NC in TC and HDL-C\
↓LDL-C (*P* \< 0.05) (10 ± 4%)\
↓TG (*P* \< 0.05) (17 ± 5%)NMNMVarady et al (2009)[@CIT0034]60 obese (12 Females, 4 Males) Age: 35--65 years.BMI: 30 to 39.9 kg/m^2^.For 8 weeks:\
Alteration between fasting days (25% of kcal needs as determined by Mifflin equation; consumed between 12 pm and 2 pm) and ad libitum feeding days.↓TC −21 ± 4% (P \< 0.01)\
↓LDL-C −25 ± 10% (P\< 0.01)\
↓Triacylglycerol −32 ± 6% (P\< 0.01)\
NC in HDL-CNMNMChaouachi et al (2008)[@CIT0064]15 male elite judo athletes Age 18 ± 1 yearsRamadan fasting↓TC (3.34 ± 0.26 to 3.72 ± 0.31 mmol • l --1) (P\< 0.05)\
↑HDL-C (1.30 ± 0.31 to 1.42 ± 0.28 mmol • l --1) (P \< 0.01)\
NC in LDL-C and TG.NC↓ Protein from 77.1± 4.4 to 70.1 ± 4.3 g.l-1 (P \< 0.01)Ziaee et al (2006)[@CIT0081]81 healthy subjects (41 Males - 40 Females). Age: 20--35 yearsBMI: 21.2±4.5 kg/m^2^Ramadan fasting↓HDL-C (P=0.001)\
↑ LDL-C (P=0.045)\
NS change in TC, TG and VLDL.↓ Glucose (p=0.000)NMBouhlel et al (2006)[@CIT0067]9 trained men Age: 19±2 yearsBMI: 25.1±4.1 kg/m^2^Ramadan fastingNMNC↑ Hemoglobin (P \< 0.01)Heilbronn et al (2005)[@CIT0082]16 healthy (8 Males- 8 Females) Age: 20 and 55 yearsBMI: 20.0 to 30.0 kg/m^2^ADF: fasting every other day for 22 daysNMFor females:\
↓ Glucose (p= 0.01)\
NC in insulin response\
For males\
NC in glucose\
↓Insulin response (p= 0.03).NMFakhrzadeh et al (2003)[@CIT0073]91 subjects:\
-50 Males(Age: 19.9±1.8 years and BMI: 21.8 ± 2.6 kg/m^2^)\
-41 Females(Age: 21.9±3.9 years and BMI: 24.0 ± 4.5kg/m^2^)Ramadan fasting↓TC (P\< 0.001)\
↓ TG (P\<0.001 for men, P \< 0.02 for woman)\
↓LDL-C (P \< 0.001)\
↑HDL-C (P \< 0.001)↓Glucose in both men (*P*\<0.0001) and women (*P*\<0.0001).NMLarijani et al (2003)[@CIT0083]67 male, 48 female adults Age: 15 to 45 yearsRamadan fastingNM↓Glucose (88.4 ± 9.0 mg/dl to 62.9 ± 7.7 mg/dl) (p \< 0.001).NMBeltaifa et al (2002)[@CIT0076]26 athletes and 32 sedentary individualsRamadan fastingNS modificationsNCNo significant changeAdlouni et al (1997)[@CIT0072]32 healthy men\
(Age: 25--50 years)Ramadan fasting↓TC: −7.9% (P\< 0.001),\
↓TG: −30% (P\< 0.001)\
↓LDL-C: −11.7% (P\< 0.001)\
↑HDL-C: −14.3%(P\< 0.001).↓ Blood glucose: 5.1 to 4.38 mmol/L (P \< 0.001)NM[^6]

There may be a number of reasons for the differences reported on the effects of IF. Studies varied in experimental design (ICR, ADF, TRF, "Ramadan"), fasting duration, and participant characteristics (normal weight, overweight, obese, age, and gender).[@CIT0015] Macronutrient intake was also not controlled in most studies,[@CIT0015] while there were disparities in dietary habits depending on cultural rituals and the number of fasting hours, which can also affect metabolic regulation.[@CIT0075] It was evident that the data were related to the feeding behavior or biochemical responses to fasting.[@CIT0054] In fact, some biochemical parameters (lactate dehydrogenase, blood glucose, aspartate aminotransferase, alanine aminotransferase creatine kinase, lactate) were higher in the evening than in the morning, and their responses to exercise were higher in the evening. However, no diurnal variations were observed in resting values of the selected biochemical parameters during the fourth week of Ramadan.[@CIT0080]

Alterations occur in carbohydrate metabolism during IF. The post-absorptive period occurs 8 to 16 h after eating, and represents an adaptation to fasting to ensure sufficient glucose supply to the brain and other vital organs. Several studies reported decreased glucose metabolism in healthy subjects after ADF[@CIT0072],[@CIT0082] and after Ramadan fasting.[@CIT0053],[@CIT0072],[@CIT0073],[@CIT0081],[@CIT0083] Some found a reduction in blood glucose levels after 12 h and 72 h of fasting,[@CIT0079] while others reported no changes.[@CIT0025],[@CIT0074] However, the meta-analysis by Kul et al[@CIT0078] concluded that Ramadan fasting reduced blood glucose levels. As summarized in [Table 6](#T0006){ref-type="table"}, there were no significant changes in blood glucose levels of obese individuals after intermittent fasting.[@CIT0018],[@CIT0030],[@CIT0032] However, some studies found that highly trained athletes displayed improved glucose metabolism after intermittent fasting,[@CIT0058] while other studies failed to confirm this.[@CIT0067],[@CIT0076]

Changes in protein metabolism during IF are not as well studied. Three studies indicated no reductions in plasma protein concentrations in healthy subjects during Ramadan ([Table 6](#T0006){ref-type="table"}).[@CIT0070],[@CIT0076],[@CIT0079] However, ADF elicited no effects on protein metabolism in obese subjects ([Table 6](#T0006){ref-type="table"}), while other studies reported loss of fat free mass[@CIT0003],[@CIT0084] which may be related to protein catabolism. Gluconeogenesis is the main cause of lean tissue loss in athletes. The work by Chaouachi et al (2008)[@CIT0064] demonstrated that when Judoka athletes ingested regular amounts of protein (1.6 g/kg), there was a 0.6 kg decline in lean tissue mass after Ramadan. In support of these findings is a study of nine Tunisian rugby players reporting decreases in plasma protein levels by the end of Ramadan at rest and after exercise.[@CIT0067] However, Soeters et al (2009)[@CIT0045] reported that short term ADF (alternating between 20 h fasting and 28 h feeding) did not influence whole body protein metabolism in lean healthy men, as they suggested that protein catabolism started on the third day of fasting, while energy utilized during the first 2--3 days of fasting was largely derived from glycogen and fat metabolism.[@CIT0015] Overall, the results varied between significant to non-significant modifications in protein metabolism, and the reasons were likely similar to studies to assess glucose and lipid metabolism.

The body undergoes transient metabolic adaptations during Ramadan, including improvements in lipid profiles and decreased glycemia. Chennaoui et al (2009)[@CIT0063] investigated eight middle-distance athletes (aged 25.0 ± 1.3 years and who trained 6 to 10 times per week for at least 3 years) and measured the maximal aerobic velocity 5 days before, during, and after Ramadan. Blood samples were collected before and after Ramadan fasting. This study confirmed increases in circulating FFA levels at the end of Ramadan fasting (from 87±20 to 203±90 µmol.L^--1^) (P\<0.05) in endurance athletes, although other metabolic parameters such as TG (from 0.97±0.08 to 0.90±0.13 mmol.L^--1^), TC (from 4.29±0.23 to 3.83±0.12 mmol.L^--1^), HDL-C (from 1.63±0.16 to 1.75±0.18 mmol.L^--1^) and LDL-C (from 2.22±0.17 to 1.67±0.21 mmol.L^--1^) remained unaltered. There were significant changes in hormonal and inflammatory markers, for example increased catecholamine and IL-6 concentrations and lower melatonin levels. Concentrations of IL-6 correlated positively with catecholamine and FFA levels, but negatively with insulin levels. Chennaoui et al (2009)[@CIT0063] suggested that the IL-6 and catecholamine responses are influenced by alterations in the sleep and eating patterns inherent to Ramadan.

The effects of fasting on sportsmen versus sedentary individuals were investigated by Ba et al (2005)[@CIT0085] in a study of 30 participants (average age of 25 years) who were randomized to form two groups of 15 subjects each. All participants followed the same eating routine and glycemia was measured twice; during the second fortnight of Ramadan (15 mins before eating), and two months after Ramadan (at least 4 h after the last meal). Resting glycemia in the sportsmen (4.6±0.15 mmol/L) was similar to normal (non-trained) subjects (4.5±0.01 mmol/L) during the month of Ramadan. Moreover, a similar pattern was observed in glycemic levels after normal dietary intake (4.8±0.2 mmol/L and 4.8±0.4 mmol/L for sportsmen and normal subjects, respectively). Participants in the sedentary group returned to normal dietary intakes and also had an increased weight gain after Ramadan, leading the authors to conclude that Ramadan fasting elicited little effect on glucose metabolism in endurance athletes compared to inactive subjects, suggesting that athletes were better able to regulate their glucose metabolism.

### Fasting Protocols and Performance {#S0003-S2005-S3003}

There are a limited number of studies on the effects of fasting on the endurance performance of trained athletes ([Table 7](#T0007){ref-type="table"}), with findings of decreases,[@CIT0063],[@CIT0086] or no changes[@CIT0087],[@CIT0088] in endurance performances after Ramadan fasting. To the best of our knowledge, only a study by Asl (2011)[@CIT0046] reported a small increase in endurance performance, while other studies suggested that Ramadan fasting negatively affected the endurance performances of athletes.[@CIT0063],[@CIT0089] The reasons for such contradictory findings remain unclear, but a combination of factors such as sleep deprivation or fatigue during Ramadan are important considerations. A study by Aziz et al (2010)[@CIT0089] reported that Ramadan fasting did not influence all individuals equally, with relatively fitter individuals better able to resist the physiological and psychological perturbations sometimes observed. This may also help to explain discordant findings such as by Brisswaleter et al (2011)[@CIT0087] and Png et al (2014)[@CIT0088] who reported limited changes in endurance performance after Ramadan fasting. The study by Brisswaleter et al (2011)[@CIT0087] reported decreased muscular performance and increased oxygen kinetics with Ramadan fasting, but without changes in VO2max or performance in middle-distance runners. By contrast, Asl (2011)[@CIT0046] investigated the effects of Ramadan fasting on endurance running performance in male athletes, finding that Ramadan fasting elicited positive effects on endurance performance. The participants were tested twice (30 mins running on the track), with the first test performed one week before Ramadan and the second in the middle of the month of fasting. There were no significant changes in body weight, body mass index, fat free mass, body fat, urinary density, mean heart rate and lactate threshold (all p\>0.05). Moreover, the finding revealed that Ramadan fasting had a small but significant impact on endurance running performance.[@CIT0046]Table 7Effects of Fasting on Endurance Performances in Endurance Trained AthletesAuthorParticipantsStudy DesignMain FindingsPng et al (2014)[@CIT0088]12 active male runners Age: 27.9 ± 7.2 years60 min of continuous run during the Ramadan month after ingesting\
→ Low glycemic index\
→ Normal mixed carbohydrate food as the sahur meal (post 12 hrs).NS variations in metabolic and physiological measures.\
↓Distance ran was in low glycemic index versus control meal trialBrisswalter et al (2011)[@CIT0008]18 well trained males, middle-distance runners\
-Ramadan fasting, n=9\
- CG, n=9\
Age: 23.6 ± 2.9 years→The maximal running test\
→Maximal voluntary contraction of knee extensor\
→2 rectangular submaximal exercises on treadmill for 6 mins\
→Running performance test (5000 m)\
(Before and at the last week of Ramadan)NC in running efficiency or MAP.Asl (2011)[@CIT0046]15 male endurance runners\
Age: 22.5 ± 1.14 yearsIn the first week and in the middle of Ramadan\
The aerobic power was measured by using30 mins running in stationary bike.Small significant effect (P\< 0.05)Aziz et al (2010)[@CIT0089]10 moderately men trained runners\
Age: 27.3±7.2 yearsComparing the subjects (60 min runs on a treadmill) during the Ramadan month in the fasted state and non-fasted conditions.\
The 60 min continuous endurance running: 30 min preloading run at 65% maximum oxygen consumption intensity speed + 30 min where subjects adjusted their speeds↑in the second 30 min in the control compared to Ramadan condition (5649±715 versus 5448±847 m, P=0.023).\
↓ Blood glucose (4.5±0.3 versus 4.9±0.4 mmol/l, p=0.003) at the start of exercise in the Ramadan condition.\
NS changes in HR, blood lactate and RPE between the two conditions.Chennaoui et al (2009)[@CIT0063]8 male middle-distance athletes\
Age: 25.0 ± 1.3 yearsThe MAV test: 5 days before Ramadan and on days 7 and 21 of Ramadan.↓MAV values at days 7 and 21 (p \< 0.05)Loon et al (2004)[@CIT0090]8 male cyclists\
Age: 22.8 ± 0.8 yearsFollowing an overnight fast, subjects were studied at rest, during 120 min of moderate intensity exercise (60% maximal oxygen uptake) and 120 min of post-exercise recovery.↑Free fatty acid oxidation rates increased during exercise.\
↓Use of other fat sources and muscle glycogen with the duration of exercise (P\<0.001)\
↑Plasma glucose production and utilization (P \< 0.001).Mehdioui, et al (1996)[@CIT0086]10 male distance runnersThe maximal oxygen intake was measured in the beginning and the end of RamadanNC in maximal oxygen intake,\
↑Endurance effort[^7]

There are only a limited number of studies on the effects of fasting on endurance performances in untrained and non-endurance-trained athletes but with conflicting findings (as summarized in [Table 8](#T0008){ref-type="table"}). Some observed no changes[@CIT0062],[@CIT0064],[@CIT0091] while others reported increased,[@CIT0009],[@CIT0010],[@CIT0092] or impaired performances.[@CIT0011],[@CIT0054],[@CIT0092] For example, Chaouachi et al (2008)[@CIT0064] reported no changes in endurance performances of judo athletes, although the lack of information on total energy and macronutrient intake in some studies makes it difficult to compare the findings with others. Moreover, studies by Fouad (2008)[@CIT0091] and Chaouachi et al (2009)[@CIT0064] did not observe differences in the performance of soccer players measured during a maximal aerobic test or endurance time performance at 85% of maximal oxygen uptake (VO~2~max). However, the authors suggested that the small (but insignificant) increase in endurance time maybe related to the preferential use of lipids over carbohydrates; however carbohydrate metabolism in this instance was associated with muscle fatigue and hyperventilation, leading to dyspnea.[@CIT0008],[@CIT0091] As aerobic performance was not influenced by fasting, Fouad (2008)[@CIT0091] suggested that sportsmen adapt to a new physiological regulation of metabolism after three weeks of fasting.Table 8Effects of Fasting on Physical Performances in Untrained Subjects and Non-Endurance AthletesAuthorParticipantsStudy DesignMain FindingsHammouda et al (2014)[@CIT0054]12 males, professional soccer players\
Age 17.52 ± 0.2 yearsThe Yo-Yo test level 1(07:00 h and 17:00 h): one week before Ramadan, and in the second and fourth week.↓Total distance just in the evening (P\<0.05).Lotfi et al (2010)[@CIT0062]9 athletes\
Age: 23 ± 3 yearsRunning 1000m test took place 3 times: before and in the first and fourth weeks of Ramadan.NS modifications in physical performance (1000m running).\
↓ RRT(p\<0.001)\
↓ TRT (p\<0.0001)Chaouachi et al (2009)[@CIT0008]15 healthy male elite judo athletes\
Age: 18 ± 1 yearsA multistage fitness test was applied in the beginning and the end of RamadanNC of multistage shuttle-run scoreMeckel et al (2008)[@CIT0011]19 male soccer players\
Age: 14--16 yearsThe endurance test "3,000 m run" the week before and during the last week of the Ramadan.↓Aerobic capacity: 3,000 m run time: 812.8 ± 73.3s versus 819.9 ± 73.4s (P \< 0.001)Kirkendall et al (2008)[@CIT0010]85 soccer male players\
-2 teams for each morning and afternoon testing (fasting group and non-fasting group)\
Age: 18 years20-m multistage shuttle run test took place 3 weeks: before and in the second and fourth weeks of Ramadan.↑Running distance in the 4^th^week of Ramadan (P\<0.05) and Post Ramadan (P\<0.001)\
No time day effect.Fouad (2008)[@CIT0091]30 male soccer players\
Age: 15 to 17 yearsTo measure the aerobic exercise performance a Leger test was applied in the beginning and the end of RamadanNC of Leger-test score or endurance at 85% of maximal oxygen intake during RamadanKarli et al (2007)[@CIT0009]16 male soccer players\
(Age: 17.4 ± 1.2 years)20- multistage shuttle run test took place 3 times: before, in the beginning and in the end of Ramadan.During Ramadan:\
↑RPE (P\<0.05).\
End of Ramadan:\
↓Blood lactate (p\<0.05)\
↓HR responses (p\<0.05)\
↑Peak running performance (p\<0.05)\
↑running velocity at anaerobic threshold (p\<0.05)Sweileh (1992)[@CIT0092]Sedentary subjectsThe maximal oxygen uptake measured in the beginning and the end of RamadanThe maximal oxygen uptake:\
↓ in the first week of Ramadan\
↑last week of Ramadan[^8]

Other studies indicated decreased endurance performances in response to Ramadan fasting.[@CIT0011],[@CIT0054],[@CIT0092] For example, Hammouda et al (2014)[@CIT0054] demonstrated a significant decrease in distance covered during the Yo-Yo level 1 test (measures ability to perform the longest distance covered during repeated interval runs) after Ramadan fasting in male professional soccer players. This can largely be explained by fuel substrate selection during the exercise period, level of physical conditioning and regular physical training. At the same time, it should also be stressed that there was an increased tendency to consume calorie-rich dietary intake and energy-dense drinks by some athletes after breaking their fast.[@CIT0062] There was also a decreased aerobic capacity in young soccer players as noted by increases in their mean 3,000 m running times after the Ramadan fast,[@CIT0011] which may be related to the training program of the soccer players that was modified during Ramadan fasting. There was a tendency of favoring lower intensity and reduced tactical training during Ramadan fasting. Collectively, such changes in daily routines will decrease physical capacity of athletes by the end of Ramadan.

Training and Fasting {#S0003-S2006}
--------------------

It is now increasingly recognized that physical training and fasting have beneficial effects on body composition and health.[@CIT0093],[@CIT0094] Aerobic exercise training and fasting are two well-known strategies to increase lipolysis in adipose and muscle tissue, and thereby reduces the amount of body fat mass. This is important for athletes, as they need to control their body composition to optimize the balance between lean and fat body mass so as to improve their performances.[@CIT0095],[@CIT0096]

Fat and carbohydrate are the most important fuel substrates for skeletal muscle ATP synthesis during aerobic metabolism.[@CIT0090] Endurance capacity is determined by maximal cardiac output together with the oxidation of fat and carbohydrate stores. Exercise duration is limited by skeletal muscle metabolism and the relatively limited glycogen storage depots. Fatigue occurs when the rate of fat utilization is insufficient to meet energy demands. To counter this, athletes may consider an improved metabolic training regimen for events lasting for more than 2 hrs with the aim of increasing glycogen storage and enhancing fat oxidation capacity.[@CIT0097] We next discuss the physiological effects of exercise when fasting.

Untrained Subjects {#S0003-S2007}
------------------

### Exercise with Fasting: Metabolic Regulation {#S0003-S2007-S3001}

Fasting lowers circulating insulin levels and increases hepatic glycogen breakdown,[@CIT0006] suggesting that endurance training during this state leads to greater fat utilization compared to the fed state.[@CIT0004],[@CIT0098] Fat is the main fuel source used during exercise when fasting, when plasma glycerol and FFA levels increase due to activation of lipolysis in adipocytes. Fat burning pathways are activated by catecholamines (binding to beta-adrenergic receptors) and glucagon, and is inhibited by insulin. This makes blood glycerol and FFA levels useful markers of adipocyte lipolysis. Plasma levels of glycerol increase slightly at low levels of exercise, but are significantly greater during fasting. During low intensity exercise, glycerol levels during a fed-state is 5.5 mmol/kg/min while these reach 8.5 mmol/kg/min during a fasting state.[@CIT0004],[@CIT0005] Similarly, with low intensity exercise plasma FFA concentrations reach 0.20 mM in the fed-state and 0.45 mM in the fasting state.[@CIT0004],[@CIT0005] Exercising during the fed state attenuates fat oxidation due to higher post-prandial insulin concentrations[@CIT0096],[@CIT0099] ([Figure 1](#F0001){ref-type="fig"}).Figure 1Exercise in fasted compared to fed states. Aerobic exercise performed in the fasted state induces higher fat oxidation than exercise performed in the fed state.**Abbreviations:** NEFA, non-esterified fatty acids; ATGL, adipose triglyceride lipase; HSL, hormone-sensitive lipase; CD36, fatty acid translocase; CPT-1, carnitine palmitoyltransferase-1; UCP-3, uncoupling protein 3; AMPK, AMP-activated protein kinase; SIRT1, sirtuin-1.

By contrast, exercising during the fasting state increases adipose tissue lipolysis and peripheral fat oxidation via higher plasma adrenaline and cortisol concentrations and lower circulating insulin levels.[@CIT0010],[@CIT0012]--[@CIT0015] These stress hormones interact with adipose tissue to phosphorylate adipose triglyceride lipase and hormone-sensitive lipase enzymes, which triggers lipolysis to increase circulating FFA levels. By contrast, exercise training in a fasting state leads to up-regulation of genes involved in fatty acid transport (e.g. fatty acid translocase/CD36; carnitine palmitoyltransferase-1) and β-oxidation (e.g. uncoupling protein 3, AMP-activated protein kinase) in muscle fibers,[@CIT0073] thereby resulting in enhanced skeletal muscle fat oxidation.[@CIT0083] In support, there is an increased rate of fat oxidation at rest after training while in a fasting state (versus the same exercise performed post-prandially), and leading to decreased body fat content.[@CIT0008] In contrast, feeding before exercise increases insulin levels (which can remain elevated for about 3 h) and can attenuate the metabolic responses (such as lipolysis enzymes, fatty acid transports and fat oxidation) induced by exercise during a fasting state ([Figure 1](#F0001){ref-type="fig"}).

These findings support the concept that performing endurance training while fasting increases fat oxidation and promotes long-term adaptations that are beneficial to overall health and well-being.[@CIT0100] Of note, hepatic glycogen stores are mostly depleted after fasting periods if no exogenous carbohydrates are supplied. Dysregulation of glucose metabolism and hypoglycemia can also occur with prolonged exercise.[@CIT0100]--[@CIT0102] However, regular exercise when fasting can induce specific physiological adaptations to facilitate glucose homeostasis despite a limited hepatic glycogen availability.[@CIT0100] Thus many endurance athletes perform their training sessions after an overnight fast, hoping to increase performances by changing their fuel substrate selection.[@CIT0100] However, it should be kept in mind that there are only a few studies that have examined the effects of fasting on physical performances and the results obtained so far are inconclusive.[@CIT0008]

### Exercise with Fasting: Performance {#S0003-S2007-S3002}

The effects of short-term fasting on exercise performances have been extensively investigated[@CIT0006],[@CIT0103]--[@CIT0110] and suggest that decreased physical performances occur during the fasting state.[@CIT0008] This could be explained (at least in part) by the fasting periods used (\>24 to 55 h), dehydration,^109^ prolonged exhaustive exercise testing,[@CIT0103],[@CIT0104],[@CIT0107] and/or very high-intensity levels of exercise.[@CIT0104],[@CIT0110] However, others[@CIT0108],[@CIT0109],[@CIT0111],[@CIT0112] failed to record significant decreases in performance after shorter periods of fasting (11--24 h). For example, studies by Van Proeyen (2011)[@CIT0100] and Stannard et al (2010)[@CIT0113] indicated that habitual fasted training on sedentary and untrained subjects was a positive strategy to stimulate physiological adaptations in muscle that could improve endurance exercise performance. It is important to note that the majority of these studies investigated recreationally active or untrained subjects[@CIT0008] making it difficult to extrapolate these findings to highly trained athletes.Others reported significant reductions in running distance by the second week of Ramadan, although the distances returned or exceeded the baseline values by the fourth week.[@CIT0010] This was dissimilar to the findings Meckel et al (2008)[@CIT0011] who suggested that reduced endurance when fasting was likely due to the decline of soccer training intensity. Of note, in the study by Kirkendall et al (2008)[@CIT0010] all players trained on the same days and the number, intensity, and duration of training was similar to the rest of the year. Their data showed an initial decline in performance that returned to, or even exceeded pre-fasting values by the end of Ramadan. This phenomenon may be related to alterations in training, lifestyle, diet, and sleep patterns after the first two weeks of Ramadan.[@CIT0010]

It is possible that modifications in endurance performances during Ramadan are not limited to altered training patterns. The physiological adaptations in fasting subjects during the month of Ramadan could also be account for by improved athletic performances. In fact, Sweileh et al (1992) reported that metabolism in fasting individuals slows down during Ramadan to likely conserve energy stores.[@CIT0092] Serum sodium, chloride, and protein levels increased during the first week of Ramadan (implying that the subjects were likely dehydrated during this period), with subjects losing \~ 1.13 kg body weight without changes in percent fat. These acute biochemical changes prevent catecholamine release and decreases venous return, thereby resulting in reductions in sympathetic tone, blood pressure, heart rate, and cardiac output.[@CIT0092] Such physiological adaptations can also influence physical work capacity and athletic performances as shown by the significant decrease in VO~2~max during the first week of Ramadan. These biochemical changes returned to baseline values during the last week of Ramadan while VO~2~max returned to pre-fasting levels.

Trained Subjects {#S0003-S2008}
----------------

Most reviews on fasting and athletic performance focus on fat and carbohydrate metabolism in healthy untrained subjects,[@CIT0096],[@CIT0114],[@CIT0115] with some also evaluating body composition changes in untrained subjects. Moreover, studies on exercise by highly trained athletes did not take body composition changes into account.

### Exercise with Fasting Protocols: Metabolic Regulation {#S0003-S2008-S3001}

Fat and carbohydrate are the most important fuel substrates for skeletal muscle ATP synthesis during aerobic metabolism.[@CIT0090] Endurance capacity is associated with maximal cardiac output together with the oxidation of both fat and carbohydrate stores. The duration of exercise is limited by skeletal muscle metabolism and the relatively limited glycogen storage depots within the body. Fatigue occurs when the rate of fat utilization is insufficient to meet energy demands. To counteract this, athletes may consider an improved metabolic training regimen for competitive events lasting for more than 2 hrs, aimed at increasing glycogen storage and enhancing fat oxidation in this case.[@CIT0097]

Although the studies cited above were conducted on healthy, sedentary subjects, some studies explored the effects of fasting on lipid metabolism in highly trained subjects. For example, Chaouachi et al (2008)[@CIT0064] found modifications in serum lipids (increased HDL-C, LDL-C and TC) in elite judo athletes. Moreover, Mirzaei et al (2012)[@CIT0058] reported increased HDL-C levels together with lower LDL-C and TC levels in wrestlers at the end of Ramadan fasting. In support, others found improvements in HDL-C and LDL-C in resistance-trained subjects after TRF.[@CIT0042]

### Exercise with Fasting Protocols: Performance {#S0003-S2008-S3002}

Endurance training while fasting represents a novel strategy to induce specific training adaptations by increasing fat oxidation during exercise and by enhancing physical performances in the long-term.[@CIT0100] Endurance training in a fasted state can trigger positive effects on endurance performance in untrained[@CIT0100],[@CIT0103] and endurance trained athletes[@CIT0116] ([Table 9](#T0009){ref-type="table"}).Table 9Effect of Endurance Training on Fast State on Endurance PerformanceAuthorsParticipantsStudy DesignMain FindingsBouguerra et al (2017)[@CIT0011]24 male middle- and long-distance runners\
Afternoon group, n=8 (14,00 to 16.00 h)\
Morning group, n=8(09,00 to 11.00 h)\
Evening group, n=8 (22,00 to 24.00 h)\
Age, 28.5 ± 10.6 yearsMaximal aerobic velocity, time to exhaustion, performance in running 3000-m\
(Before, at middle, and after Ramadan fasting training)↑MAV and maximal oxygen uptake (P\< 0.01) in the afternoon and morning groups compared to the evening group.\
Before and after Ramadan\
↑ Time of 3000-m running exercise (P \< 0.001)\
↓Time to (p \<0.001) in the evening and Morning groups compared to the afternoon groupsVan Proeyen et al (2011)[@CIT0100]20 healthy males\
-Training group in fasted state "overnight fasting" (n=10)\
-Training group in fed state (n=10, carbohydrates before (∼160 g) and during (1 g.kg body wt−[@CIT0001]·h−[@CIT0001]) the training sessions)\
Age, 18--25 years6 weeks of endurance training program (1--1.5 h cycling at ∼70% of maximal oxygen uptake 4 days/wk)↑ Maximal oxygen uptake (+9%) (*P* \< 0.01)\
↑Performance in a 60-min simulated time examination (+8%) in both groups (*P* \< 0.01).\
In fasting, intramyocellular lipid breakdown was enhanced in type I fibers (*P* \< 0.05), tended to be ↑ in type IIa fibers (*P=*0.07).Stannard et al (2010)[@CIT0113]8 females and 6 males untrained,\
-Training groups, overnight-fasted\
-Training groups, acutely fed state\
Age, 26.6 ± 5.8 yearsFor4 weeks of 5 days per week endurance cycle ergometer trainingIn fast,\
↑Maximal oxygen uptake and resting muscle glycogen concentration (P=0.014) than fed (P=0.047)\
NS gender interaction.[^9]

In fact, regular exercise training in the fasted state stimulates the contribution of intramyocellular lipids to energy provision through fasting endurance exercise.[@CIT0100] Training in a fasted state also increases muscular oxidative capacity to a greater extent than other comparable exercise intensities and duration with sufficient exogenous carbohydrate supply. A study by Bouguerra et al (2017)[@CIT0116] investigated the effects of Ramadan fasting on maximal aerobic velocity, time to exhaustion, and performance for a 3000 m exercise in three different groups of highly trained runners: a) group who trained in the afternoon (between 2:00 and 4:00 pm), b) in the morning (between 09:00 and 11:00 am), and c) in the evening (between 10:00 and 12:00 pm). Their findings revealed that maximal aerobic velocity and VO~2~max were significantly higher (p\< 0.01) in the afternoon and morning compared to the evening before, when measured mid-, and post-Ramadan. The performances for the 3000 m running exercise (before and after Ramadan) were higher (p \< 0.01) and the time to exhaustion lower (p \< 0.001) in the evening and morning compared to the afternoon. The authors concluded that training in the afternoon during Ramadan can more effectively enhance aerobic performance compared to morning or evening training.[@CIT0116] The superior physical outcomes during the afternoon could be due to the normal diurnal or circadian rhythm of sport performance,[@CIT0116] increased muscle temperature,[@CIT0117] a greater mobilization of glycogen and an increased use of FFAs as a fuel substrate during afternoon exercise sessions.[@CIT0118] However, additional research is needed to confirm that endurance training performed while fasting may indeed increase endurance performances in highly trained athletes.

Practical Applications {#S0004}
======================

The available data suggest that exercise in a fasting state decreases body weight, free fat mass and fat mass, although more controlled studies are needed for definitive recommendations to be made. A moderate intensity exercise during fasting is recommended for the prevention of hypoglycemia. Training in the evening while fasting may be more effective in enhancing aerobic performance, compared to training in the morning. Athletes may wish to train in the fasting state in the pre-season as fasting increases the activity of fat-burning enzymes. However, fasting can elicit negative effects on performance in some events, and hence modifications to the training schedules (eg fasting during the pre-season) may minimize such effects.

Conclusions {#S0005}
===========

This review of the literature identified that the effects of fasting on endurance athletic performances requires further investigation. Different fasting programs influences human physiological and biochemical parameters that are important for athletic performances. The collective data suggest that different fasting practices (ICR, ADF and TRF) decrease body weight and fat[@CIT0007],[@CIT0027] in both trained and untrained subjects. Moreover, several studies demonstrated that fasting alters protein, lipid and glucose metabolism and associated hormonal responses. However, the conflicting findings related to glucose metabolism in response to fasting in highly trained athletes require further investigation. Studies on the effects of fasting on indicators of physical performance have generated conflicting data. For example, some studies reported decreased performances while others showed no effect. There are a number of reasons for such differences, including variations in experimental design, fasting duration, and unique participant characteristics. We suggest that athletes train at relatively low intensities (and not at high intensity levels) when fasting to ensure that they recover adequately to optimize performances in competitive events. Our analyses also revealed a major weakness in that most fasting studies recruited sedentary subjects or low-level athletes, often without well-matched controls. We recommend that well-controlled studies are required to improve our understanding of the effects of exercise in fasting athletes, and to help uncover novel insights into the mechanisms driving changes in energetic pathways and physical performances in trained endurance athletes that choose to fast.
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